We report the outcome of 161 of 257 surgically fixed acetabular fractures. The operations were undertaken between 1989 and 1998 and the patients were followed for a minimum of ten years. Anthropometric data, fracture pattern, time to surgery, associated injuries, surgical approach, complications and outcome were recorded. Modified Merle D'Aubigné score and Matta radiological scoring systems were used as outcome measures. We observed simple fractures in 108 patients (42%) and associated fractures in 149 (58%).
The incidence of acetabular and pelvic fractures in the United Kingdom is approximately three per 100 000 per year, which constitutes 2% to 8% of all fractures. [1] [2] [3] These fractures are usually the result of high-energy trauma which is often associated with other life-threatening injuries. If left untreated, displaced acetabular fractures can lead to the development of premature osteoarthritis of the hip. 4 In 1964, Judet, Judet and Letournel 5 were the first to propose that open reduction and rigid internal fixation of displaced fractures would lead to a better outcome than conservative treatment. Since then, operative management of such fractures has become the standard approach. 5 The operative fixation of acetabular fractures is a major challenge to the trauma surgeon. Complications are common, with 20% to 25% of patients having a poor functional outcome in the medium term. 6 The decision to treat a fracture surgically, the surgical approach and the accuracy of reduction are strongly influenced by the surgeon's training and expertise. 7 Factors known to influence outcome include a delay in surgical treatment, [8] [9] [10] the fracture pattern, 11-13 the patient's age, 14, 15 associated chondral damage to the femoral head and acetabulum, 16, 17 dislocation at the time of injury, 18 associated neurovascular compromise as a result of the injury and its mechanism, and the patient's pre-existing comorbidities. 14, [19] [20] [21] We present the immediate and long-term outcome of the operative fixation of simple and associated acetabular fractures in 161 patients followed for a minimum of ten years.
Patients and Methods
We analysed all 257 displaced acetabular fractures managed surgically between 1989 and 1998 by the same surgeon (MB) in a pelvic reconstruction unit. Patients were followed for a minimum of ten years; those lost to follow-up were excluded from the study, leaving 161 patients. An acetabular admission protocol for all local and inter-hospital transfer was followed; data recorded included the mechanism of injury, classification of the fracture, associated injuries, complications and comorbidities. Standard plain radiographs, including anteroposterior pelvis, obturator oblique and iliac oblique views, as well as CT scans, were obtained to assess and classify all fractures preoperatively according to Judet et al. 5 The primary goal was anatomical reduction with stable fixation as early as possible. Intraoperatively, patients were routinely catheterised. No intra-operative nerve monitoring was used. The surgical approach was determined by the pattern of the fracture and the state of the soft tissues. Combined and/or extensile approaches were used when reduction was not possible through a single approach. In the majority of cases, stabilisation was achieved using lag screws and plates. Trochanteric and posterior wall osteotomies were occasionally required. 22 Intra-operative fluoroscopy was used to assess reduction and ensure that the metal work did not transgress the hip joint. When congruency was achieved through an ilio-inguinal approach, minor imperfections of reduction were accepted with the plan to leave the posterior tissues untouched for later arthroplasty, in the awareness that outcome is influenced by both accuracy of reduction and less extensive approaches. 6 The decision to carry out immediate arthroplasty of the hip was made in three cases, all of which were excluded from the study. In patients with a pre-operative sciatic nerve palsy, intra-operative exploration of the nerve was undertaken.
The quality of reduction was noted intra-operatively and graded by the senior author (MB) as anatomical, acceptable or non-anatomical. The reduction was categorised as anatomical when all imperfections were corrected and noted by direct visualisation and/or intra-operative imaging when the approach precluded direct visualisation of the fracture. An acceptable reduction was where the hip was congruent, but there may have been small gaps and imperfections due to bone loss or comminution. A non-anatomical reduction was noted when there was still residual subluxation of the hip and loss of parallelism of the femoral head in relation to the roof of the acetabulum. Post-operatively, anteroposterior pelvic and Judet views were obtained to categorise the quality of the reduction into three groups: anatomical, congruent and incongruent, using Matta's radiological principles. 11 The reduction was categorised as anatomical if all fracture gaps and steps had been removed intra-operatively, and post-operative films showed restoration of all five anatomical lines (ilio-inguinal, ilio-pectineal, dome, posterior wall and anterior wall) with the head centred and parallel beneath the acetabular roof (Fig. 1) . A congruent reduction is best judged on the anteroposterior film, which is useful in assessing the hip with reference to both the congruency and anatomy of the contralateral normal joint (Fig. 2) . Patients with poor restoration of the five pelvic lines, inward subluxation of the hip and loss of parallelism were included in the incongruent group (Fig. 3) .
Post-operatively, to reduce the risk of heterotopic ossification, all patients received indomethacin 50 mg three times a day for two weeks, reducing to 25 mg three times a day for four weeks, combined with a pain management protocol. 4 Anticoagulation prophylaxis involved the administration of heparin or low molecular weight heparin Anteroposterior radiograph showing congruent reduction with a congruent joint and restoration of parallelism; suboptimal restoration of pelvic lines denoted by the obliquity of R obturator foramen. pre-, peri-and post-operatively. All patients were subsequently prescribed warfarin for three months.
All patients were followed up clinically and radiologically at six and 12 weeks, one year, and then yearly or on alternate years, depending on their rate of recovery. Functional outcome scores and the modified Merle D'Aubigné and Postel score 23 were recorded at the final follow-up. All patients requiring total hip replacement (THR) following acetabular fixation were categorised in the poor outcome group.
In the early part of the study, the senior author dealt with post-traumatic osteoarthritis using a cemented arthroplasty. Over the last seven years, a more structured approach to the development of post-traumatic arthritis has evolved. Infection was excluded in all patients who developed early signs of adverse radiological features in the hip. ESR, CRP and hip aspiration were used to confirm or exclude infection, followed by one-or two-stage procedures with removal of hardware, debridement and arthroplasty. Patients who developed late osteoarthritis underwent single-stage arthroplasty, although biopsies were taken at the time of surgery. Statistical analysis. A statistical model was developed to probe the association between prognostic factors and outcomes (SPSS, version 16; SPSS Inc., Chicago, Illinois). Initially, a univariate ordinal regression was performed between 16 prognostic parameters and the modified Merle d'Aubigné and Postel score in order to establish the influence of individual parameters on ranked outcome, without taking into account mutual confounding among predictors. In order to adjust for mutual confounding, a second analysis was performed; all predictors that met a forward inclusion criterion of p < 0.05 from their individual univariate ordinal regression analysis were included in a multivariate analysis. In addition, a probit analysis of the days to surgery from the time of injury was performed.
Results
Of the total of 257 patients, 161 were followed for a mean of 11.3 years (10 to 18); 96 (37%) were lost to follow-up at a mean of 3.8 years (six months to seven years) postoperatively, at which time there was an excellent or good outcome in 76 (79.2%).
The 257 patients had a mean age of 36 years (15 to 85), there were 196 males (76%) and 61 females (24%). The mechanism of injury was a road traffic accident in 211 (82%), falls from a height in 34 (13%), and others in 12 (5%). We observed simple fractures in 108 patients (42%) and associated fractures in 149 (58%).
The frequency of fracture patterns is shown in Table I ; 134 patients (52%) sustained polytrauma and almost half had associated limb fractures. The mean injury severity score was 17.2 (SD 7.8). 24, 25 A dislocation of the hip was recorded in 85 patients (33%). Although all hips underwent some form of reduction at their base hospital, a number were still dislocated at the time of presentation. The mean time to surgery was 11.3 days (1 to 42). Unfortunately, this has been constant throughout the study. The distribution of surgical approaches is illustrated in Table II . Extensile approaches were less common in the second half of the study, owing to the increasing experience of the surgeon. The quality of reduction for the 161 patients who were followed for a minimum of ten years is shown in Table III . The outcome was better in the anatomical and congruent groups; there were more excellent results recorded in the anatomical group. The complications in this group are shown in Table IV . THR was required in 25 patients (16%) at the time of the study.
The results according to the modified Merle d'Aubigné and Postel scoring system was excellent in 75 patients (47%), good in 41 (25%), fair in 12 (7%) and poor in 33 (20%). These results compare favourably with other published outcomes (Table V) .
Univariate ordinal logistic regression modelling showed a detrimental prognostic significance (p < 0.05) of increasing delay before surgery, of road traffic accidents as the mechanism of injury, of the development of heterotopic ossification, and of infection. In addition, avascular necrosis and osteoarthritis predicted the need for THR, and hence the poorest outcome. The outcome when related to the pattern of the fracture is shown in Table VI .
Three multivariate models were developed based on the univariate datasets. Delay to surgery is a well recognised prognostic factor, 8, 10 and as such a multivariate ordinal regression model of predictors meeting the forward inclusion criteria (p < 0.05) was developed both with and without this significantly independent variable. 10 The model inclusive of the parameter of days to surgery demonstrated significance in the positive predictive value of transverse fractures in addition to this recognised prognostic factor. Once days to surgery was withdrawn, the posterior column and T-shaped fracture patterns were all prognostic indicators of poor outcome. Finally, osteoarthritis and avascular necrosis were both predictors of the need for THR, and so a third multivariate analysis was performed.
Probit analysis of days to surgery revealed that surgery beyond 8.4 days results in a poor outcome in more than 50% of patients. 
Discussion
The aim of treatment of displaced acetabular fractures is to obtain a stable anatomical reduction with a functional, mobile and pain-free hip. 11 The accuracy of reduction correlates strongly with outcome.
14 A thorough understanding of the fracture pattern as a function of the intricate relationship between the point of impact, the energy involved, the position of the hip and the strength of the bone is essential. In the senior author's experience, the supra-acetabular area fractures in a unique way. Plastic deformation often occurs before fracturing, making fracture lines difficult to judge and reduction occasionally a challenge. It is sometimes necessary to accept extraarticular malalignment to achieve intra-articular anatomical reduction. Fracture pattern. Judet's classification 5 lists five simple fracture patterns and the five most commonly associated fracture permutations. The correct classification is vital in choosing the surgical approach which allows optimal reduction. Classification of the pattern of the fracture can be difficult, and there remains a high intra-and inter-observer variability on plain radiographs. [26] [27] [28] Letournel and Judet's original classification 5 was based entirely on plain films; with recent advancements in CT scanning, the need for Judet oblique views has been called into question.
29-31
Prognostic factors. The outcome following acetabular fracture may be influenced by various factors. Those beyond the surgeon's control include the mechanism of the injury, damage to the femoral head, sciatic nerve injury, dislocation, fracture pattern, associated injuries, the patient's age and comorbidities. Crucial yet controllable factors include the timing of surgery, surgical selection and quality of reduction and fixation. Restoration of articular congruity with stable fixation is the most significant predictive factor of post-traumatic osteoarthritis. 13 Complex associated fractures need to be fixed within the first five days, but more simple fractures can be adequately managed up to 15 days after the injury. 10 Beyond this time, results become less satisfactory. In Letournel's original series, the outcome of all reconstructions which were undertaken beyond three weeks was significantly worse. 32 In the early part of the study, most of the delays were related to the referring unit and the unavailability of imaging, particularly CT scanning. 8, 33 In the latter part, the availability of a bed at our tertiary centre was the major rate-limiting step for expediting patient transfer. In both phases of the study the delay to surgery was over 11 days. We believe that this was and is unacceptable. Quality of reduction. In this series we analysed the quality of reduction and outcome. Other authors have precategorised the quality of reduction depending on the size of the gap or step. [11] [12] [13] [14] 18 We found that accurate assessment of gaps and steps was very difficult unless intra-operative, and so felt that it was justified to use congruency as part of the assessment of reduction, judged on post-operative anteroposterior and oblique radiographs. This is especially true with fracture patterns that require approaches that will not permit direct intraoperative visualisation of the joint. With post-operative CT scanning, it is accepted that some reductions classified as anatomical will have small gaps in the articular surface. We found a strong correlation between reduction and outcome. In the congruent group there was a much higher incidence of good outcomes (Table III) . It has been reported that incongruent reduction correlates strongly with a poor outcome, 16 and most poor results were within this group. However, excellent results have been achieved even with a poor reduction, provided the step or gap is outside the weight-bearing area.
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Fracture type and outcome. We found that simple posterior column fractures and T-shaped fractures had a statistically significant negative impact on outcome. Those with a combined posterior wall traumatic dislocation and sciatic nerve palsy also fared badly, as well as those with associated damage to the femoral head or joint. The small subgroup of patients with T-shaped fractures combined with a fracture of the posterior wall seem to represent the worst-case scenario, i.e., a fracture that is difficult to reduce, combined with significant primary articular cartilage damage. Our results were comparable to those of other published series. [11] [12] [13] [14] This highlights the issue that we may be reaching the limit of our operative capabilities, suggesting that the biology of the fracture (primary articular cartilage damage) has now become the limiting factor, and the role of primary arthroplasty may become more important in carefully selected cases. 'Is this fracture worth fixing, or would a primary arthroplasty be a more sensible approach?' is a question now regularly posed by the trauma team, and we believe that it will be asked more and more often. It will then be possible to achieve better overall results following reconstruction when poor prognostic cases are filtered out. It must be pointed out that in the assessment of outcomes using the modified Merle d'Aubigné system, a patient can achieve an excellent or good outcome without returning to their pre-injury level of function. Complications. Infection. Infection rates of 11% (18) are unacceptably high. The deep infection rate was 6% (nine), despite careful patient selection and modification of the surgical approach to reflect skin damage. Prophylactic antibiotics were administered in all cases. Surgical approach and tactics were occasionally altered to avoid compromised tissues. Although it is less likely that an anatomical reduction can be achieved using a suboptimal approach, a number of cases achieved a good outcome with congruent reduction. Nerve injury. The overall incidence of sciatic nerve palsy was 12% (20) ; three were iatrogenic, two of which had a delayed presentation (one to two weeks after surgery) and were caused by a haematoma in the greater sciatic notch, probably due to anticoagulation. An early post-operative palsy in a nerve that was functioning normally in the immediate post-operative period must be decompressed urgently. In our first case, the decompression was not carried out and the nerve did not recover. In the second case prompt decompression led to resolution of symptoms. Although intraoperative monitoring of the nerve did not reduce the rate of iatrogenic sciatic palsy, it may be beneficial in highlighting tension in the nerve, especially during the posterior approach. 35, 36 We had three cases (2%) of obturator nerve palsy. It is impossible to know whether these injuries occurred pre-or post-operatively, but with severe quadrilateral comminution and migration of the femoral head into the pelvis the obturator nerve is vulnerable. It is nearly always seen during an ilio-inguinal approach. These three patients found their disability irritating rather than a great burden. In an ilio-inguinal approach, the lateral cutaneous nerve of the thigh is under threat, especially during difficult reductions. The incidence of 14% (23) is relatively low, but the ilio-inguinal approaches represented 42% (68) of cases, and therefore the lateral cutaneous nerve palsy rate following this approach was 34% (23) . Patients were warned preoperatively that there would be numbness of the lateral aspect of the thigh, and no patient has so far required further surgery to deal with persistent symptoms. Deep-vein thrombosis. There were no cases of postoperative pulmonary embolism or DVT with our current anticoagulation protocol, namely immediate post-operative prophylactic dose of low molecular weight heparin followed by three months of warfarinisation aiming at an INR of two to three. Early in the study three patients had a perioperative pulmonary embolus; all were in operations undertaken through an ilio-inguinal approach more than two weeks after injury, and the patients had not received any prophylaxis at their base hospital. None of these suffered any long-term sequelae as a result of the embolus. In this study, only one pre-operative inferior vena cava filter was inserted and no formal pre-or post-operative DVT screening was undertaken. Heterotopic ossification. Three patients developed heterotopic ossification classified as Brooker III/IV. 37 One of the patients could not tolerate the indometacin, and its efficacy is still controversial. [38] [39] [40] The low rate here is almost certainly attributable to the fact that very few extensile approaches were used, and a thorough debridement was undertaken before closure of the wound. Osteoarthritis. Matta et al 11 emphasised that the primary complication following a fracture of the acetabulum is post-traumatic osteoarthritis. The overall incidence of osteoarthritis in our series was 38% (61), which is higher than that reported by Letournel and Judet 32 and the 26.6% reported by Giannoudis et al 6 in his 2005 metaanalysis. We feel that the length of follow-up is critical, and with a longer follow-up arthritis is more likely to develop even in 'perfectly' reduced fractures.
We performed THR as a primary procedure when damage to the cartilage was such as to preclude reconstruction, or as a delayed procedure when post-traumatic arthritis had eventually developed. Difficult cases requiring THR are those patients whose initial reconstruction is assessed as anatomical but who develop early postoperative destruction of the hip. In our unit, these patients are assumed to have an infection until proved otherwise by aspiration/biopsy and serial CRP and ESR measurements.
Some patients with an anatomical reduction who initially had an excellent or good functional outcome suddenly deteriorated, suggesting that the primary event is of major importance, i.e., the vector of force at the time of injury. It may be that we are over-estimating the quality of our reduction and that subtle imperfections are leading to early arthritis. Longer follow-up, ideally for life, would be needed for a better understanding of the natural history of this group of patients.
There are some limitations to our study. First, the number of patients who were lost to follow-up (69 of 258) may have compromised the analysis. Either those patients opted to be followed up at their local hospitals rather than travel to our tertiary unit, or they improved clinically and did not wish to return for follow-up. We have reported the outcome at the final visit for these patients but this may not reflect the long-term results. This should be borne in mind when relating early post-operative outcome to individual patterns of fracture. Secondly, some of our results and inferences were made on a small cohort of patients such as those undergoing THR, and therefore no firm statistical conclusion could be drawn from them. Finally, this is a case series with no control group. It may be argued that some acetabular fractures, even those crossing the weight-bearing dome, could be treated conservatively with a similar outcome, provided congruence is preserved during the period of traction. 46 In conclusion, a good to excellent functional and radiological outcome was seen in 116 patients treated surgically. Complications were common in the short, medium and long term. There was a disappointingly high infection rate, but a low rate of heterotopic ossification and minimal significant incidence of DVT or pulmonary embolism. No patient developed a DVT when an appropriate prophylaxis regime was used. At present, the aim of the management of displaced acetabular fractures is to achieve anatomical reduction and stable fixation, thereby maintaining the congruence of the joint.
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